Eastern Michigan University

DigitalCommons@EMU
Senior Honors Theses & Projects

Honors College

2020

Characterization of cofilin function in Xenopus laevis
Verginio Persicone

Follow this and additional works at: https://commons.emich.edu/honors
Part of the Biology Commons

Recommended Citation
Persicone, Verginio, "Characterization of cofilin function in Xenopus laevis" (2020). Senior Honors Theses
& Projects. 675.
https://commons.emich.edu/honors/675

This Open Access Senior Honors Thesis is brought to you for free and open access by the Honors College at
DigitalCommons@EMU. It has been accepted for inclusion in Senior Honors Theses & Projects by an authorized
administrator of DigitalCommons@EMU. For more information, please contact lib-ir@emich.edu.

Characterization of cofilin function in Xenopus laevis
Abstract
Proper cell migration is necessary for healthy embryonic development. The EphA4 receptor, when
activated, triggers a cell migration response away from the signal molecule ephrin that is displayed by
surrounding cells. Little is known about how the EphA4 receptor interacts with the actin cytoskeleton to
trigger the migration response. We hypothesize that cofilin is key to downstream actin cytoskeleton
regulation by the EphA4 pathway. In this study, we observed cofilin gene expression across several stages
of early Xenopus laevis embryonic development by using RT-PCR. We observed cofilin protein presence
across those same embryonic stages by using Western Blot. We also tested the phenotypic effect of
cofilin knockout on Xenopus embryos by using CRISPR Cas9 to induce a mutation in the cofilin gene. We
observed exogastrulation in 46.7% of embryos that were injected with both the Cas9 enzyme and the
sgRNA sequence that targets the cofilin gene. This result was significantly higher than what was
observed in any control (two-tailed t test, p<0.05). The effect of cofilin knockout was similar to what was
observed in previous studies on the effect of EphA4 knockout. Our results are consistent with a role for
cofilin in the EphA4 pathway, which is crucial to proper embryonic development of X. laevis.

Degree Type
Open Access Senior Honors Thesis

Department
Biology

First Advisor
Robert S. Winning

Second Advisor
Aaron Liepman

Third Advisor
Marianne Laporte

Subject Categories
Biology

This open access senior honors thesis is available at DigitalCommons@EMU: https://commons.emich.edu/honors/
675

CHARACTERIZATION OF COFILIN FUNCTION IN XENOPUS LAEVIS
By
Verginio Persicone
A Senior Thesis Submitted to the
Eastern Michigan University
Honors College
in Partial Fulfillment of the Requirements for Graduation
with Honors in ____Biology_____ (include the department name)

Approved at Ypsilanti, Michigan, on this date _____4/21/20______

Supervising Instructor:

_____Robert S. Winning______

Date: April 21, 2020

Departmental Honors Advisor: ____Aaron Liepman________

Date: April 21, 2020

Department Head:

______Marianne Laporte______

Date: April 21, 2020

Honors Director:

Ann Eisenberg
__________________________

May 12, 2020
Date:_____________

Persicone 4

Verginio Persicone
Biology Department Senior Thesis
Characterization of Cofilin function in Xenopus laevis

Abstract
Proper cell migration is necessary for healthy embryonic development. The EphA4
receptor, when activated, triggers a cell migration response away from the signal molecule
ephrin that is displayed by surrounding cells. Little is known about how the EphA4 receptor
interacts with the actin cytoskeleton to trigger the migration response. We hypothesize that
cofilin is key to downstream actin cytoskeleton regulation by the EphA4 pathway. In this study,
we observed cofilin gene expression across several stages of early Xenopus laevis embryonic
development by using RT-PCR. We observed cofilin protein presence across those same
embryonic stages by using Western Blot. We also tested the phenotypic effect of cofilin
knockout on Xenopus embryos by using CRISPR Cas9 to induce a mutation in the cofilin gene.
We observed exogastrulation in 46.7% of embryos that were injected with both the Cas9 enzyme
and the sgRNA sequence that targets the cofilin gene. This result was significantly higher than
what was observed in any control (two-tailed t test, p<0.05). The effect of cofilin knockout was
similar to what was observed in previous studies on the effect of EphA4 knockout. Our results
are consistent with a role for cofilin in the EphA4 pathway, which is crucial to proper embryonic
development of X. laevis.
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Introduction
Cell Migration
Cell migration describes the processes that individual cells use to move in space
(Yamaguchi and Condeelis 2007). Cell migration is important in many pathways and cellular
responses like the immune response, the metastasis of cancer cells, and the movement of cells
during embryonic development (Yamaguchi and Condeelis 2007). Any newly found information
on cell migration processes can be important to better understanding cell migration during early
development, which can then be applied to better understanding some diseases associated with
embryonic development. Information on cell migration can also be applied to understanding cell
migration in some cancers and immune responses (Kurosaka and Kashina 2008).
An important component of cell migration is how cells determine where they need to go.
Migrating cells are guided by signals in their environment that may attract them in one direction
or repel them from another (Stern and Horvitz 1991). An extracellular signal may come in the
form of endocrine signaling via a hormone, paracrine signaling via a cytokine, or through contact
with a surface ligand of a surrounding cell. The guidance mechanisms for cell migration are
dependent on cell signaling pathways (Kurosaka and Kashina 2008).

Cell Signaling and EphA4
Cell signaling describes the processes that cells use to communicate with each other and
their environment. This is done through the use of receptors and signaling molecules. Once a
signaling molecule either binds to or releases from a receptor, a message can be sent downstream
to affect a mechanism within the cell (Zhou et al. 2007). Some examples of common signal
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transduction pathways include those mediated by G protein-coupled receptors, receptor tyrosine
kinases, ligand-gated ion channels, and nuclear receptors (Uings and Farrow 2000).
This study focuses on the ephrin type-A receptor 4 (EphA4) cell signaling pathway,
which is involved in guiding cell migration. EphA4 is a receptor tyrosine kinase transversing the
cell membrane (Zhou et al. 2007). It has an extracellular binding site that triggers a response
when it comes in contact with ephrin signaling molecules, which are embedded in the
membranes of surrounding cells (Zhou et al. 2007; Figure 1). When ephrin binds EphA4, the
intracellular portions of two EphA4 monomers dimerize and autophosphorylate on tyrosine
residues. Intracellular cytokines called p59fyn are recruited and activated by the phosphorylated
tyrosine residues. Activated p59fyn proteins activate downstream proteins and trigger a response
within the cell (Figure 2). An end result of this response causes EphA4 expressing cells to
migrate away from specific, surrounding cells that display ephrin on their surface (Dawe et al.
2003).

Figure 1: Diagram of cell to cell recognition. EphA4 is a receptor on the surface of a migrating
cell. Ephrin is the signaling molecule that is embedded in the membrane of surrounding cells.
When ephrin binds the EphA4 receptor, a response is elicited in the migrating cell. Figure from
Fig.Cox.Miami.edu (2008).
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Figure 2: EphA4 is a receptor tyrosine kinase. When the signaling molecule ephrin binds the
receptor domain of EphA4, EphA4 dimerizes and autophosphorylates on tyrosine residues (Y).
The phosphorylated EphA4 dimer activates p59fyn. The activation of this pathway ultimately
results in the cell migration response.
Current Knowledge About the EphA4 Pathway
EphA4 has been linked to cell movement during the gastrulation stage in the clawed frog
Xenopus laevis, which is used as a model system for animal development (Park et al. 2011).
EphA4 is integral to the separation of the germ layers in X. laevis embryos. Knockdown of
EphA4 has been linked to insufficient tissue constriction and a loss of normal cell shape in
embryos (Park et al. 2011).
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Activated EphA4 in X. laevis results in the activation of several downstream signaling
proteins. Active EphA4 directly activates p59fyn via phosphorylation. p59fyn is a membrane
associated kinase (Grabauskiene and Winning, unpublished results). Another protein, RhoA, is a
GTPase that links signaling pathways to the actin cytoskeleton. RhoA is inhibited by the EphA4
pathway downstream of p59fyn (Figure 3; Winning et al. 2002). Rho-associated coiled-coilcontaining kinase 1 (ROCK1) is a kinase that promotes the stability of actin cytoskeleton through
the downstream activation of actin binding proteins like adducin and cofilin (Kroll et al. 2009).
ROCK1 is activated when bound to RhoA. Because RhoA is an activator of ROCK1, RhoA’s
inhibition causes the inhibition of ROCK1 (Loepp and Winning, unpublished results). In mouse
embryos, ROCK1 was found to activate cofilin via phosphorylation (Escuin et al. 2015).

Figure 3: EphA4 signaling pathway. When ephrin binds EphA4, EphA4 is activated and
activates p59fyn. p59fyn causes causes the downstream inhibition of RhoA. RhoA normally
activates ROCK1, which activates cofilin. When RhoA is inhibited, ROCK1 and cofilin are
inhibited as well. Because cofilin is inhibited, the cell will cease migration towards the ephrin
signal.
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Cofilin
Cofilin is a regulatory protein that modulates the assembly of actin filaments (Kanellos
and Frame 2016). The actin-binding domain of cofilin binds actin filaments at locations where
ATP bound to actin monomers has hydrolyzed to ADP (Figure 4). Cellular concentrations of
cofilin mediate actin activity, causing alteration of actin cytoskeleton dynamics in migrating cells
during Zebrafish gastrulation (Lin et al. 2010). The ratio of cofilin to actin in a cell determines
the effect on actin filament stability. As the ratio of cofilin to actin increases, more cofilin
proteins bind at several points along the actin filament. This results in a more stabilized actin
filament. Alteration of actin cytoskeletal dynamics can affect cell to cell adhesion and blastula
morphology in embryonic development (Winning et al. 2002).

Figure 4: X. laevis cofilin is made up of 168 amino acids. The ABD of cofilin (black region)
spans amino acids 110 to 129. This functional domain is an alpha helical structure that contains
many hydrophobic amino acids (L, M, I) that interact with hydrophobic regions on actin
filaments. In this experiment, I am performing a knockout of cofilin by targeting a nucleotide
sequence at the end of the functional domain.

It is possible that cofilin is involved in the EphA4 signaling pathway, which regulates the
actin cytoskeleton. Cofilin promotes actin treadmilling, which results in cell migration (Kanellos
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and Frame 2016). The goal of this study is to see if cofilin’s expression during embryonic
development and the effect of its knockdown are consistent with cofilin having a role in the
EphA4 signaling pathway, which guides cell migration during embryonic development.

CRISPR Cas9 Genome Editing
CRISPR Cas9 is a method of genome editing that can introduce mutations at specific
target sites in the genome (Ma et al. 2018). The Cas9 enzyme induces a double stranded break in
the DNA; repair of this break can cause insertion or deletion of DNA around the break site. The
enzyme is guided to its target by specially designed guide RNA that can bind to the target
sequence of interest.
The CRISPR Cas9 system is a simpler and more efficient method of targeting a gene for
knockout than other methods such as homologous recombination (Nodvig et al. 2018). CRISPR
Cas9 has been used with success in previous studies using Xenopus embryos (Ma et al. 2018).
My experiment utilizes microinjection of a single-guide RNA (sgRNA) and Cas9 enzyme into
newly fertilized X. laevis embryos. The sgRNA is designed to target the sequence in the cofilin
gene that codes for the actin-binding domain (ABD) of the protein (Figure 4). Repair of this
break by DNA repair mechanisms in the embryo may lead to mutation of the gene, preventing
the production of functional cofilin (Figure 5).
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Figure 5: CRISPR-Cas9 gene editing
process. The premade sgRNA will
bind to a target sequence. Cas9 will
bind to the sequence and cut the DNA
strands. This results in a double
stranded break of the DNA. The
strands are repaired using DNA repair
mechanisms in the cell. Repair of the
double stranded break may cause a
mutation to be introduced into the
sequence. Figure from
YourGenome.org (2016).
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This Study
This study aims to observe cofilin and its role in the EphA4 signaling pathway during
Xenopus laevis embryonic development. X. laevis is a good model organism for embryonic study
because its embryos develop outside of the body, unlike in mammals. Xenopus embryos can be
cultured in a petri dish, allowing for observation of phenotypic changes during embryonic
development. X. laevis embryos are also more easily manipulated for gene knockout by injection
of a CRISPR Cas9 system with a microinjector.
I hypothesize that cofilin impacts cell migration as a part of the EphA4 pathway during
early X. laevis embryonic development through modulation of the actin cytoskeleton; therefore, I
expect to observe cofilin expression in early stage embryos where the EphA4 pathway is
activated. I also hypothesize that cofilin is key in connecting EphA4 activation to changes in
actin-cytoskeleton dynamics during embryonic cell migration. Abnormal gastrulation has
previously been observed in X. laevis embryos in which EphA4 function was lost (Park et al.
2011), so I expect a similar phenotype to occur in embryos that lack functioning cofilin. I expect
to observe exogastrulation in embryos in which the cofilin gene was knocked out early in
development.

Methods
This study consisted of three parts: 1) analyzing cofilin mRNA expression at different
stages of X. laevis embryonic development, 2) analyzing cofilin protein accumulation at those
landmark stages, and 3) observing the effect of cofilin knockout on X. laevis embryonic
development.
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To observe cofilin mRNA expression and protein accumulation, wildtype X. laevis
embryos were collected for RNA and protein isolation. These embryos were produced by
fertilizing eggs in a petri dish. Eggs were observed for fertilization under a dissecting
microscope. Viable embryos were collected at nine landmark stages for cDNA analysis (1, 5, 7,
9, 11, 12, 19, 23, and 30) and seven landmark stages for protein analysis (1, 5, 7, 8, 9, 10.5, and
20; xenbase.org; Figure 6). Embryo samples from each stage provided data on cofilin expression
from early egg stages to hatched tadpole. Twenty embryos at each stage were collected for RNA
and protein isolation. Embryos were stored at -80 °C to maintain the integrity of the proteins and
RNA.

Figure 6: Landmark stages of X. laevis embryonic development. This spans blastula (1-9),
gastrula (10.5-12), and formation of the neural plate (19-30) stages. Figure from Nieuwkoop and
Faber (1994).
Reverse Transcriptase-PCR
X. laevis embryos from each sample were lysed and homogenized via pipetting up and
down with a P1000 micropipette in a solution of TRI reagent (1mL/50-100mg tissue) and
chloroform (0.2mL/50-100mg tissue). Total RNA was isolated from other cell components via
centrifugation at 16,000 g for 15 min at room temperature (Molecular Research Center Inc.
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Protocol, 2017). RNA was precipitated with the addition of isopropanol (0.5mL/50-100mg
tissue) and centrifugation at 16,000 g for 15 min at room temperature. RNA was washed in 75%
ethanol and dissolved in water. Isolated RNA (1µg) underwent reverse transcription using a
Retroscript kit. Reverse Transcription was primed with oligo dT (5µM, Invitrogen) to create
complementary DNA (cDNA). The RNA and oligo dT solution was mixed, spun briefly, and
heated at 80°C for 3 min. Reverse transcriptase (1µL MMLV-RT/µg RNA), RNase inhibitor
(1µL/µg RNA), dNTP mix (4µL/µg RNA), and 10X RT buffer were added to the reverse
transcription reaction. The solution was mixed, spun briefly, and incubated at 42°C for 1 hour.
The solution was then incubated at 92°C for 10 min to inactivate reverse transcriptase.
PCR was performed on cDNA from each of the landmark embryonic stages. We used
cofilin primers X-Cfl F1 and X-Cfl R1, which amplify a 650 bp fragment of cDNA that codes for
cofilin. We also used actin primers X-Actin F and X-Actin R, which amplify a 306 bp fragment
of cytoplasmic actin cDNA (Table 1). Two negative control PCR reactions were included: one
with RNA instead of cDNA and another with water instead of cDNA. PCR reactions took place
in 1X Q5 Quickstart PCR master mix. Samples underwent 35 cycles of PCR under the following
conditions: 95°C denature for 30 sec, 65°C anneal for 30 sec, and 72°C primer extension for 1
min.
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Table 1: Primers used in this experiment, their locations in the genomic DNA and cDNA, and
their nucleotide sequences. Cofilin primers X-Cfl F1 and X-Cfl R1 and actin primers X-Actin F
and X-Actin R were designed for PCR of cDNA. Locations of the actin primers (X-Actin F and
X-Actin R) in the genomic DNA (gDNA) sequence are not applicable (N/A) to this study
because only the cofilin gene is being mutated in the knockout experiment. Separate cofilin
primers X-Cfl F5 and X-Cfl R2 were designed specifically for PCR of gDNA to account for the
presence of introns within the genomic DNA sequence. X-Cfl F5 and X-Cfl R2 are used to
amplify only the genomic DNA for the mutation detection assay; therefore, their locations in the
cofilin cDNA sequence are not applicable to this study.
Primer
Name

Gene

Location in
Genomic
DNA

Template
Strand

Location in
cDNA

Sequence (5’-3’)

X-Cfl F1

Cofilin

49-68

49-68

Bottom

CTG CCT TCT AAC CCG CTT CT

X-Cfl F5

Cofilin

8818-8837

N/A

Bottom

CCC CTG AAG AAG CCT CAC TT

X-Cfl R1

Cofilin

9633-9614

699-680

Top

AGC AGA GGG GAC ATT GTT GG

X-Cfl R2

Cofilin

9568-9549

N/A

Top

GGC AAA GGA AGG GAT CTC AA

X-Actin F

Actin

N/A

833-852

Bottom

GCC CTC TTC CAG CCA TCT TT

X-Actin R

Actin

N/A

1139-1120

Top

ACT CCT GCT TGC TGA TCC AC

PCR products were analyzed by agarose gel electrophoresis (2% agarose gels). The PCR
samples were loaded in 1X loading buffer and loaded alongside a 100bp ladder. Electrophoresis
ran at 95 V for 45-60 min. Gels were observed with UV imaging.

Western Blot
X. laevis embryos from each sample were lysed and homogenized via pipetting up and
down with a P1000 micropipette in a homogenization buffer solution of 50mM HEPES (pH 7.5),
150mM NaCL, 5mM EDTA, 5mM EGTA, and 1% NP-40. An equal volume of freon was added
to each sample to remove yolk proteins (Kay and Peng 1991). Samples were mixed gently and
centrifuged at 14,000 g for 15 min at 4°C. The supernatant containing the proteins was
transferred to fresh tubes. To control for differences in protein recovery, the protein
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concentrations from each sample were measured using A280 spectroscopic protein assay. Protein
concentrations of 0.1mg/mL were used for Western Blot. The isolated proteins were mixed and
boiled in a solution of 1.5X SDS and 1X DTT for 5 min to disrupt the tertiary protein structure
for Western Blot procedure.
Protein samples were run through 12% polyacrylamide gel at 200V for 45 min to separate
the proteins by size. Proteins were transferred from the gel to a nitrocellulose membrane through
Trans Blotting in an electrophoresis tank filled with 1X transfer buffer (25mM TRIS, 192mM
glycine, 20% v/v methanol, pH 8.3). A cooling unit and magnetic stirrer were placed in the tank
during electrophoresis. Trans Blotting electrophoresis ran at 60-100V for 60 min at 4°C. After
Trans Blotting the protein onto nitrocellulose, the nitrocellulose membrane was incubated in a
container filled with a blocking solution of 5% milk in 1X TBS for 24 hours at 4°C. Blocking
solution was removed, and the nitrocellulose was incubated in a solution of primary antibody
(rabbit anti-cofilin 1 polyclonal antibody ACFL02 [which recognizes X. laevis cofilin], from
Santa Cruz Biotechnology) at a dilution of 1:500 in PBST for 1 hour. Antibody solution was
removed, and the nitrocellulose was washed five times in 0.05% Tween-20 with agitation at
room temperature. Wash solution was removed, and the nitrocellulose was incubated in a
solution of secondary antibody (1:500 dilution in PBST) for 1 hour at room temperature. The
secondary antibody is a goat anti-rabbit IgG antibody (from Santa Cruz Biotechnology) bound to
horseradish peroxidase (HRP). The nitrocellulose was washed again, five times with agitation at
room temperature. The nitrocellulose was incubated for 30 min in chemiluminescent reagent
solution of 3mg HRP luminol reagent per 1mL ice cold methanol and 30% H2O2 (Pierce ECL
Western Blotting Substrate kit). The nitrocellulose membrane from the western blot was
analyzed under chemiluminescence.
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Cofilin Knockout
Cofilin gene knockout was performed using the CRISPR Cas9 system. The CRISPR
Cas9 procedure starts with designing an oligonucleotide used to create the corresponding singleguide RNA (sgRNA). The oligo we designed targets the beginning of the genomic DNA
sequence that codes for the functional actin-regulating domain of cofilin: 5’-ATG CAA TCA
AGA AGA GAT TAC CA-3’. This sequence begins at 8869 and ends at 8891 in the gene for
cofilin. To this sequence, we added the CRISPR guide sequence (5’-GTT TTA GAG CTA GA3’) at the 3’ end and a T7 promoter sequence (5’-TTC TAA TAC GAC TCA CTA TA-3’) at the
5’ end. The designed oligo was synthesized commercially by ThermoFisher and was used as a
template for in vitro transcription to create sgRNA. The synthesized sgRNA was purified with
the use of the Monarch RNA Cleanup Kit from New England Biolabs. The sgRNA product
synthesized from our designed oligo was used to attempt a knockout of the functional domain of
cofilin.
A solution of sgRNA and Cas9 enzyme from New England Biolabs (300pg sgRNA and
8.8fmol Cas9/9.2µL nuclease free H2O) was injected into newly fertilized X. laevis embryos
sitting in a solution of 5% Ficoll in 1X MMR (100mM NaCl, 2mM KCl, 1mM MgCl2, 2mM
CaCl2, 0.1mM EDTA, 5mM HEPES, pH 7.8). Microinjection took place before the first cell
division of the embryos, so the mutation will affect all cells in the embryo even after they divide.
Development of X. laevis embryos is influenced by the environmental temperature (Niuwekoop
and Faber, 1994). As a means to slow down the development of the embryos during
microinjection, the experiment took place at 4-15 °C. Along with the experimental embryos
injected with sgRNA and Cas9, this experiment included four sets of control embryos:
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uninjected, water injected, Cas9 only (8.8fmol/9.2µL) injected, and sgRNA only (300pg/9.2µL)
injected. 50 to 80 embryos were injected for each sample.
After microinjection, embryos were allowed to develop at room temperature in a solution
of 5% Ficoll in 1X MMR until reaching the early blastula stage of development (stage 7, Fig. 6).
At this point, embryos were transferred into 1X MMR lacking Ficoll, and allowed to develop at
room temperature to tailbud stage (stage 23, Fig. 6). Embryos were observed for phenotypic
changes at 7X magnification using a stereo dissecting microscope, and images were recorded
with a camera attachment. Samples were observed and counted for changes in survival or any
obvious defects. A two-tailed t-test was used to compare the frequency of phenotypes in different
samples.

Mutation Detection
Twenty embryos from each sample were selected randomly, collected, and homogenized
for genomic DNA isolation using the Monarch Genomic DNA Purification Kit from New
England Biolabs. This genomic DNA was used to verify that a mutation did take place in at least
some of the experimental group embryos. Genomic DNA was amplified via PCR with cofilin
primers X-Cfl F5 and X-Cfl R2. Amplified DNA was assessed for mutation of the cofilin gene
using a T7 endonuclease assay, which detects nucleotide differences between DNA from treated
and control embryos (Ma et al. 2018). The protocol from the EnGen Mutation Detection Kit was
followed. The product of the assay from each genomic DNA sample was run on 2% agarose gel
electrophoresis at 95 V for 1.5 hours. The gels were analyzed using UV imaging. The primers
used yield an expected amplified DNA fragment of 750bp. If mutation due to the CRISPR Cas9
genome editing occurred in any embryos, we would expect to see the presence of a second DNA
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fragment of about 680bp. This would be due to the endonuclease cleaving the 750bp mutated
gDNA product into a 680bp fragment and a 70 bp fragment.

Results
RT-PCR
To determine relative levels of cofilin and actin gene expression across X. laevis
landmark stages of embryonic development (1, 5, 7, 9, 11, 12, 19, 23, and 30; Figure 6), RT-PCR
was performed and cofilin and actin cDNA were amplified. The RT-PCR products were run on a
2% agarose gel. Bands roughly 650bp in size, representing amplified cofilin cDNA, were
observed at each of the landmark stages of X. laevis embryonic development (Figure 7A). Bands
roughly 300bp in size, representing amplified actin cDNA, were also observed at each landmark
stage (Figure 7B). The presence of bands representing cofilin and actin cDNA at each of these
landmark stages signifies that cofilin and actin are both expressed across early Xenopus
embryonic development.
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Figure 7: Agarose gel electrophoresis of RT-PCR products. Reverse transcription was
performed on the mRNA samples from stages 1, 5, 7, 9, 11, 12, 19, 23, and 30. The cDNA from
these samples was amplified by PCR for cofilin fragments (7A) and actin fragments (control;
7B). The wells of each gel are labeled with the appropriate stage of development. “L” signifies
the 100 bp ladder. Ladder band sizes are listed (red) in base pairs (bp). Cofilin expression is
observed at each of the stages (7A). Actin expression is also observed at each of the same stages
(7B).
Western Blot
To examine cofilin protein expression across X. laevis embryonic development, proteins
from the landmark stages (1, 5, 7, 8, 9, 10.5, and 20) were isolated and analyzed using Western
Blot. Relatively similar levels of cofilin across each stage of early embryonic stage of
development were observed (Figure 8).
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Figure 8: Western blot results of cofilin antibody stain. A Western Blot was performed for the
isolated proteins from several landmark stages: 1, 5, 7, 8, 9, 10.5, and 20. The nitrocellulose
membrane from the Western Blot was stained with anti-cofilin rabbit antibody and
chemiluminescent anti-rabbit goat antibody to show relative levels of cofilin at each stage. The
lanes of the Western Blot are labeled with the appropriate stages that were tested. “L” refers to
the protein ladder that was loaded.
Cofilin Knockout
To determine the effect of loss of cofilin function on developing X. laevis embryos, gene
knockout of cofilin was performed in newly fertilized embryos using CRISPR Cas9 system
microinjection. After microinjection, embryos were allowed to develop and viewed under a
microscope. Notably, some embryos from the experimental group, which were injected with both
the sgRNA and Cas9, presented with abnormal exogastrulation phenotype (Figure 9B). These
experimental embryos are visually distinct from the non-exogastrulated embryos observed in the
control samples (Figure 9A). Exogastrulation can be identified by the failure of the ectoderm to
fully enclose the endoderm, leaving the endoderm outside. The line running across the control
embryo represents the proper enclosure of the neural tube, while the circled portion of the
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experimental embryo displays how the ectoderm attempted to enclose the endoderm but failed.
This leaves the endoderm of the experimental embryo on the outside, not enclosed.

Figure 9: Stereo microscope images of control uninjected embryo (9A), experimental
sgRNA+Cas9 injected embryo (9B), control sgRNA only injected embryo (9C), and control
Cas9 only injected embryo (9D). All images of embryos were recorded during gastrulation phase
(stage 20). The uninjected embryo (9A) and the sgRNA injected embryo (9C) both display
normal gastrulation. The experimental sgRNA+Cas9 injected embryo (9B) displays
exogastrulation of the endoderm (circled). Exogastrulated embryos cease development after that
stage. The Cas9 injected embryo (9D) displays a neural tube defect (circled), which was a rarely
observed phenotype across all groups. The arrows (in 9C and 9D) mark areas in the embryo
where the inner membrane is protruding out of the exterior envelope. This was caused by
puncturing of the exterior envelope during microinjection and failure of the embryo to repair the
punctured envelope. This appeared to have no impact on development of the embryos.
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Experimental embryos injected with both sgRNA and Cas9 together exhibited
exogastrulation more often than any of the control (uninjected, H2O, sgRNA, and Cas9) samples
(p<0.05). sgRNA+Cas9 exhibited 46.7% exogastrulation, uninjected exhibited 16.7%
exogastrulation, H2O injected exhibited 5.7% exogastrulation, sgRNA injected exhibited 7.9%
exogastrulation, and Cas9 injected exhibited 13.3% exogastrulation (Figure 10). The difference
in exogastrulation between the experimental group and the controls was the only significant
difference among variables tested (p<0.05).

Figure 10: Quantitative phenotypic results of cofilin knockout. sgRNA+Cas9 exhibited 46.7%
exogastrulation (n=75), uninjected exhibited 16.7% exogastrulation (n=36), H2O injected
exhibited 5.7% exogastrulation (n=35), sgRNA injected exhibited 7.9% exogastrulation (n=38),
and Cas9 injected exhibited 13.3% exogastrulation (n=45). sgRNA+Cas9 injected exhibited
more exogastrulation than any control (p<0.05). The other variables observed, deaths and neural
tube defects, exhibited no significant difference among samples.

Persicone 4

Mutation Detection
To confirm that a mutation did indeed take place in the experimental sgRNA+Cas9
injected samples, a T7 endonuclease mutation detection assay was performed on amplified
genomic DNA from all samples. gDNA was amplified using the cofilin primers X-Cfl F5 and XCfl R2. After the endonuclease assay, the results were run on 1% agarose gel. The expected band
size of non- mutated amplified gDNA resulting from these primers is 750bp. Of the control
samples tested (H2O, sgRNA, and Cas9), all of them exhibited a fragment roughly 750bp in size
(Figure 11). The experimental group exhibited two different fragments of relatively equal
intensity: one roughly 750bp in size and the other roughly 680bp (Figure 11). We expected the
mutated gDNA to be cleaved into a 680bp fragment and a 70bp fragment. It is unlikely for the
70bp fragment to be visible in the gel, but the 680bp fragment was still observed. The presence
of the 680bp fragment signifies that a mutation did occur in some of the experimental embryos.
The 680bp fragment is of relatively the same intensity as the 750bp fragment that also appeared
in the experimental group (Figure 11). This may signify that roughly 50% of the experimental
embryos underwent mutation of the cofilin gene, and the other 50% did not. This appears to be
consistent with phenotypic data, which shows that 46% of the experimental embryos exhibited
the exogastrulation phenotype (Figure 10).
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Figure 11: T7 endonuclease mutation
detection assay results. After mutation
detection, gDNA from each sample was run
on 1% agarose gel electrophoresis. 100bp
ladder was run alongside the samples. All
three controls (H2O injected, sgRNA
injected, and Cas9 injected) exhibit a
gDNA fragment roughly 750bp in size. The
experimental sample (sgRNA and Cas9
injected) exhibits two separate bands: one
750bp and another roughly 680 bp in size.
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Discussion
The goal of this study was to assess whether cofilin’s expression during embryonic
development and the effect of cofilin’s knockdown were consistent with it having a role in the
EphA4 signaling pathway, which takes place during cell migration in embryonic development in
X. laevis. We expected that cofilin would be expressed across early gastrulation stages of
embryonic development because that is when the EphA4 pathway is active (Park et al. 2011).
Findings from this study indicate that cofilin mRNA is present across all stages of early X. laevis
embryonic development (stages 1-30). Our results also indicate that cofilin expression correlates
to actin expression across the same embryonic stages of development (Figure 7). We observed
the presence of cofilin cDNA and actin cDNA in the same samples. Presence of cDNA would
indicate that mRNA for both cofilin and actin are present across early stages of embryonic
development. We would expect presence of both cofilin and actin mRNA in developing embryos
due to constant changing of actin cytoskeleton dynamics, regulated by cofilin, during cell
migration in embryonic development. Our results of cofilin protein levels across several stages of
early embryonic development (Figure 8) seem to reflect the presence of cofilin mRNA
expression that we also observed in early developing embryos (Figure 7). These results indicate
that cofilin and actin are both being expressed during early stages of embryonic development;
however, the results from observing mRNA and protein presence alone cannot confirm that
cofilin is specifically functioning as a part of the EphA4 signalling pathway for cell migration.
Phenotypic results from the cofilin knockout experiment indicate that loss of cofilin
function can cause exogastrulation in developing embryos. We expected to observe
exogastrulation in embryos that underwent cofilin knockdown via microinjection with Cas9
enzyme and sgRNA. The mutation detection assay we performed indicated that some of the
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experimental sgRNA+Cas9 injected embryos were indeed mutated and that the exogastrulation
phenotype we observed in 46% of the experimental embryos may have been due to mutation of
the cofilin gene. The presence of two differently sized DNA fragments in the experimental
sample indicates that some of the gDNA from the experimental sample was mutated and thus
cleaved by the T7 endonuclease at the site where our sgRNA would bind in the gene sequence
(Figure 11). The fragment of size 750bp indicates that there were some non mutated embryos in
our experimental group, but the fragment of size 680bp indicates that there was also evidence
that mutation took place in some embryos. The 680bp fragment and the 750bp fragment
observed in the experimental group were of relatively equal intensities (Figure 11). This may
indicate that roughly 50% of the experimental group experienced mutation of the cofilin gene
and that the other 50% did not. The mutation of the cofilin gene observed in the experimental
sample in the T7 endonuclease mutation detection assay is the likely cause for the observed
exogastrulation phenotype in 46% of our experimental sample.
Exogastrulation involves failure of the endoderm to be internalized during the tissue
rearrangements of gastrulation, leaving the endoderm outside of the ectoderm. Gastrulation in
Xenopus requires the migration of cells together in sheets (Keller, 1986), raising the possibility
that cell migration during gastrulation was disrupted by the cofilin knockout. We have not yet
directly tested this possibility. Abnormal gastrulation of X. laevis embryos is similarly observed
when EphA4, the receptor that starts this signaling pathway, is knocked out (Park et al. 2011).
This previous study observed that EphA4 knockout impaired germ layer separation in X. laevis
embryos. The similarity between gene knockout phenotypes may suggest that cofilin is the key
actin cytoskeleton regulator involved in the EphA4 pathway for the cell migration response in
embryonic development.
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Previous studies looking at the effect of cofilin knockdown on actin cytoskeleton
dynamics in Zebrafish embryos indicate that loss of cofilin function results in loss of cell-to cell
adhesion and atypical gastrulation (Lin et al. 2010). We observed a similar phenotype in
exogastrulation in Xenopus embryos. This may indicate the importance of cofilin in cell-to-cell
adhesion across different species due to its effects on actin cytoskeleton dynamics.
One limitation of this study is that gene sequence data for the cofilin gene in the genomic
DNA of the sample embryos was not obtained. With only the data from the mutation detection
assay, we cannot confirm which individual embryos had undergone mutation of the cofilin gene.
In future studies observing the effects of cofilin knockdown, it would be useful to analyze the
cofilin gDNA sequence of individual embryos of the experimental (sgRNA + Cas9 injected)
group. This could be compared to sequence data of the cofilin gene from control embryos.
Sequencing data would allow us to verify that individual embryos experiencing the
exogastrulation phenotype had actually undergone mutation in the cofilin gene. It would also
allow us to observe what kind of mutation took place (insertion or deletion of a nucleotide).
Future cofilin knockdown experiments could also attempt to isolate and quantify cofilin protein
from embryos in which cofilin was knocked down and exogastrulation was observed. Results
could be compared to quantities of cofilin protein isolated from control embryos. It is possible
that mutation of the cofilin gene is resulting in the production of truncated cofilin protein.
Mutated embryos could have normal quantities of cofilin protein, but the protein itself may be
truncated and not functioning properly in the embryo.
Future studies on cofilin knockdown in X. laevis embryos should also observe the effect
of a rescue experiment on embryo phenotype. This would involve knockdown of the cofilin gene
in X. laevis embryos via CRISPR Cas9 mutation. In those experimental embryos, varying
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concentrations of cofilin mRNA should be injected along with the Cas9 enzyme and sgRNA.
The effect should result in embryos with a knocked down cofilin gene that still have cofilin
mRNA. We would expect to observe a phenotype similar to control embryos that have a
functioning cofilin gene. As long as embryos have a normal concentration of functioning cofilin
mRNA, they should still produce a normal amount of functional cofilin protein regardless of the
gene being knocked down. We would expect those experimental embryos of the rescue
experiment to undergo normal gastrulation since they have functional cofilin protein. Results of
this rescue experiment could help to further verify that the cause of exogastrulation in X. laevis
embryos is due to lack of functional cofilin and not due to a separate, confounding variable.
Another limitation of this study is that it does not specifically observe the effect that
cofilin knockout has on actin filaments in the cytoskeleton. This study only observes the large
scale phenotypic effect of exogastrulation of the embryos. It would be useful to observe actin
structure in cofilin mutated embryos. For example, the levels of actin in filament structure could
be compared to levels of actin monomers between cofilin knockout mutant and control samples.
Actin filament levels could be observed under immunofluorescence microscopy, using phalloidin
tagged with eosin to mark actin filaments. Phalloidin is a protein derived from Amanita
phalloides that selectively binds actin filaments and not actin monomers (Capani et al. 2001).
Eosin is used as a fluorescent tag (Capani et al. 2001). I would expect cofilin knockout to
decrease actin filament stability, resulting in decreased levels of actin filaments in the cofilin
mutants compared to wildtype.
The major finding of this study is that the knockout of cofilin function in X. laevis
embryos results in exogastrulation of the embryos. This finding is similar to what has been
observed in EphA4 knockdown in Xenopus in previous studies (Park et al. 2011). Cofilin may
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link the EphA4 signaling pathway to its known cell migration response during embryonic
development. This signaling pathway is necessary for normal embryonic development.
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